Objective: The evaluation of lymphocyte subsets is widely regarded as an important factor for monitoring tumor progression and response to therapy. This study was designed to establish a comprehensive and detailed assessment of peripheral lymphocyte subsets with a multi-parametric flow cytometry assay for response prediction and prognosis evaluation of cancer patients. Methods: Peripheral blood samples collected from 40 cancer patients and 23 age-and sexmatched healthy volunteers were tested for 29 lymphocyte subsets by flow cytometry. The univariate analysis was applied to establish the reference interval of healthy samples, and the ratio and proportion of 29 lymphocyte subsets between patient samples and healthy controls were compared to evaluate their clinical significance by Mann-Whitney U-test model. Results: The reference ranges of 29 lymphocyte subsets were established with a normal distribution and no significant differences were observed between genders. Compared with healthy control group, lower proportion and ratio of specific parameters, such as Naïve Th cells Conclusion: This study suggests that the changes in certain lymphocyte subsets might be helpful to evaluate the immunity of cancer patients, and holds great potential for clinical application.
Introduction
Malignant cancers are the primary causes of death in the world nowadays. The standard treatments include surgery, radiotherapy and chemotherapy. Immune checkpoint inhibitors and CAR-T (chimeric antigen receptor-modified T) therapy have been reported to be the breakthrough therapeutics that can extend the overall survival time of patients with malignant tumors who could not be cured by the conventional therapies. 1, 2 Carcinoma is generally considered as the consequence of an imbalanced immune system. Cancer cells escape from the immune surveillance, proliferate promptly and express unique biomarkers that trigger innate and adaptive immune responses. 3 The subsets of T cells, B cells and NK cells have been revealed to play a critical role in assisting in (Treg, Breg) or restraining (CD4+T, CD8+T) the immune escape. [4] [5] [6] And they were widely regarded as the predictive or prognostic indicators for patients with malignant solid tumors. [7] [8] [9] [10] Clinically, immunophenotyping of peripheral blood plays an important role in the auxiliary diagnosis of lymphomas. 11 The prognostic values of peripheral Naïve CD4+T/Memory CD4+T in non-small cell lung cancer have been investigated by Peng et al. 12 Lan et al 13 found
the correlation between imbalanced Treg/Th17 and HCC (hepatocellular carcinoma) progression and prognosis. Therefore, it is imperative to know the immune system status for patients with malignant solid tumors. However, the HIPC (Human Immune Phenotyping Consortium) panel of T cells, Treg, Th1/2/17, B cells, and NK/dendritic cells/monocytes has limitations to evaluate the immune function of cancer patients for clinical monitoring and prognosis. 14 In this article, we intend to figure out whether the above indicators are applicable to a variety of patients with malignant solid tumors, and to explore more accurate, reliable and novel indicators. This study is aimed to make a comprehensive and detailed assessment of human lymphocyte subsets in peripheral blood by a multi-parametric flow cytometry assay and to investigate the useful indicators in early diagnostics and prognosis for patients with malignant tumors. In addition, the reference intervals in adults aging from 27 to 62 were also provided.
Methods

Subjects/Patient Selection
Twenty-three age-and sex-matched healthy volunteers were selected. Those with tested HIV, systemic infection, connective tissue diseases, abnormal tumor markers or cancers were excluded. 35 
Assays for Lymphocyte Immunophenotyping
Fresh peripheral blood samples obtained from healthy donors and patients were collected in EDTA anticoagulation tubes before testing. For the analysis of lymphocyte immunophenotyping, 3 panels with the monoclonal antibodies cocktail were designed to identify 29 lymphocyte subsets (Table 1) . Initially, 100 μL blood was mixed with the specific antibody cocktail in each panel and incubated 25-30 min in the dark at room temperature. By using OptiLyse C Lysing Solution (Beckman Coulter, USA), red blood cells in the mixture were lysed and then washed twice with phosphate-buffered saline (PBS). The residual nucleated cells were resuspended with 300 μL PBS and analyzed by flow cytometry (Navios, Beckman Coulter, USA) and the percentages of lymphocyte subsets were calculated by Navios Software 1.3. To evaluate the panel, the fluorescence minus one (FMO) test was performed.
Statistical Analyses
Statistical analyses were performed using IBM Statistics software, version 20.0 (IBM Corporation, Armonk, NY, USA). P<0.05 was defined as statistically significant. Reference intervals were calculated based on the recommendations of the International Federation of Clinical Chemistry (IFCC). 36 The Kolmogorov Simonov test was 
Results
Establishment of Reference Values for Lymphocyte Subsets
A total of 23 healthy Chinese volunteers including 9 males and 14 females were recruited to evaluate the function of the immune system and to establish reference intervals for human lymphocyte subsets by multi-parametric flow cytometry. Three panels for 29 lymphocyte subsets were differentiated by flow cytometry (Figures 1-3 ). Panel 1 included 1 ratio and 14 lymphocyte subsets, in which T cell subsets were divided into three logical hierarchies. The first subsets were the total T cells identified by CD3 from lymphocytes, and then they were differentiated into TCRαβ and TCRγδ cells based on the types and specific functions of the surface receptor. T cells can also be divided into subsets of Th (CD4+CD8-), Tc (CD4-CD8+) and DNT (CD4-CD8-). In immune response, the functional T cell subsets, e.g. Th and Tc, were further divided into Naïve Th/Tc, Effector Th/Tc, Center memory Th/Tc and Effector memory Th/Tc that were identified by CD45RA and CD197. (CD196-CD183-), Th17 (CD196+CD183-) from Th (CD3 +CD4+), the other logical line was NK cells (CD3-CD56 +), NKT cells (CD3+CD56+) and CD3-CD56-cells which were identified from lymphocytes. Then, NK cells were further distinguished into the CD16-NK and CD16+NK subpopulations. Meanwhile, the expression of CD16 was analyzed in CD3-CD56-cells. Panel 3 contained B cells and its 5 subsets with three logical hierarchies. B cells (CD19+) separated from lymphocytes would be differentiated into Breg (CD38+CD27+CD24+), Plasma blasts (CD38+CD27+CD24-CD5-), Translational B (CD38 +CD27-CD24+CD5+), Naïve B (CD38-CD27-CD5-) and Memory B (CD38-CD27+CD24+CD5-) in terms of their differential expression of CD27, CD38, CD5 and CD24.
The percentage of T/B/NK and their subsets here referred to the percentage of each cell subset relative to lymphocytes. The relevant statistical data for each subgroup (mean ± standard deviation (SD) and 95% confidential interval (CI)) are shown in Table 2 . The homogeneity of variance of the indicated parameters was shown by Levene test, and there was no significant statistical difference between males and females determined by independent T test ( Table 3 ). The nonparametric test showed that 29 lymphocyte subsets met the requirements of a normal distribution, no matter whether they were from male or female or whether they were part of cancer patients or healthy donors. The data were shown as the mean, SD and 95% confidential interval (CI) for male, female and both genders were presented by one-sample t-test.
Expression of Lymphocyte Subsets in Patients with Malignant Solid Tumors
The Mann-Whitney U-test model was used to analyze the differences of the percentages and ratios of 29 lymphocyte subsets between healthy donors and cancer patients that did not coincide with normal distribution analyzed by the non-parametric test. As shown in Figure 4 and Table 4 , the proportions of Breg (p<0.001) and CD16-NK cells (p<0.001) were significantly lower than that of a healthy control group. And a similar phenomenon was also occurred in the group of Naïve Th (p<0.01), Naïve Tc (p<0.01), CM Tc (p<0.01) and B cells (p<0.05). However, patients with malignant solid tumors expressed significantly higher proportions of EM Th (p<0.001), EM Tc (p<0.01), Effector Tc (p<0.01), Treg (p<0.05) and Tc (p<0.05). 
The Ratio of Peripheral T Cell Characteristics in Patients with Malignant Solid Tumors
This study demonstrated that the Naive Th/Memory Th ratio (p<0.001) was significantly lower in patients with malignant solid tumors. Similarly, the ratios of both Naïve T cells/Memory T cells (p<0.001) and Naïve T cells/EM T cells (p<0.001) in cancer patients were relatively lower. However, cancer patients exhibited considerably higher EM Th cells/CM Th cell ratio (p<0.01) and EM Tc cells/CM Tc cell ratio (p<0.01) than healthy donors. The Th1/Th2 ratio (p>0.05) and Th17/Treg (p>0.05) had no statistical significance (data not shown).
Discussion
During cancer progression, the tumor microenvironment is crucial in modulating immune responses. 15 Innate and adaptive immunity played important roles in cancer development and were closely correlated with cancer therapeutics. 16 Measurement of immune function and status for cancer patients is an important supplementary diagnostic method in clinics. As far as we know, this is a study with the largest amounts of parameters for lymphocyte subsets to measure the immune system of patients with malignant solid tumors and to investigate the clinical significance of T, B, NK lymphocyte subsets and their ratios. Memory T cells attack tumor cells, which elicits a robust immune response in tumor tissues. 17 In contrast, naïve T cells played an important role in proliferation and anti-tumor efficiency. 6 The clinical significance of peripheral Naive Th cells/Memory Th cells, Naïve Th cells and Naïve Tc cells was consistent with the previous findings in NSCLC, 12, 18 which illustrated that not only were these indicators useful for the prediction and prognosis of NSCLC, but also had the clinical significance in patients with malignant solid tumors. Furthermore, we found the decreased peripheral ratios of Naïve T cells/Memory T cells, Naïve T cells/EM T cells and percentage of CM Tc cells in cancer patients. Meanwhile, the increased As the primary immune cells, T lymphocytes had a remarkable diagnostic and therapeutic utility in anti-tumor response. In normal T cell physiology, there are naturally occurring "off signals" to ensure appropriate control of the robust and cascading T cell responses. 19 Herein, the indicators we showed in this study could reveal the variation trends of T lymphocyte subsets dynamically and precisely. In healthy individuals, Treg cells played an important role in the maintenance of self-tolerance. From the published data, increased Treg cells in various tumors have been observed. 20, 21 The balance of Treg/Th17 was closely related to immunity and immune tolerance. The Th17/Treg imbalance played a central role in disease pathogenesis. 22 A recent study displayed the increased proportions of Treg cells in NSCLC patients, and this may indicate tumor progression. 23 Another study observed that Treg cells, Th17 cells and Treg/Th17 ratio were increased in HCC patients. Treg/Th17 imbalance might serve as an important indicator for determining the progression and prognosis of HCC. 13 The present study found that the proportion of Treg cells was significantly higher in patients with solid tumors than that in the healthy control group. But the proportions of Th17 cells and the ratio of Treg/Th17 had no statistical significance between patients with malignant solid tumors and healthy donors, which may be not consistent with the previous study of HCC. 13 We speculated that different methods for pretreatment and analysis may influence the results. In addition, our study consisted of limited cohorts and the cancer patients in the study were not homogeneous. B cells played an important role in modulating antitumor immunity. 24, 25 The changes of Breg and B cells found in patients with malignant solid tumors are also consistent with previous findings in patients with melanoma, lung adenocarcinoma. 26 But another study observed increased CD19+/CD24 hi /CD38 hi Breg cells in gastric cancer. 27 We assumed that different markers may affect the results. In previous studies, the most appropriate markers for Breg cells were not in consensus, and therefore, different research teams have used distinct surface and intracellular markers of regulatory B cells. [28] [29] [30] As an immature NK cell subset, peripheral CD16-NK cells can lead to cytokine production 31 and decreased remarkedly in patients with malignant solid tumors, which suggests the tumor burden suppressed the function of CD16-NK cells. The limitations of our study are the small numbers of healthy donors for calculating reference intervals, as well as heterogeneous patient cohorts with different clinical stages and treatment strategies. Therefore, we intend to take advantage of the controls with inflammation or autoimmune diseases to further verify our preliminary findings in future studies, and to verify the predictive and prognostic role of these indicators before and after treatment with cell therapy.
The Science journal has unveiled "cancer immunotherapy" as one of the ten breakthroughs in 2013. 32 The newly developed therapies, such as "checkpoint blockade" and "CAR-T" (chimeric-antigen receptor T cell), which are aimed to prevent T cell immunosuppression, have demonstrated impressive clinical outcomes in both solid 33, 34 and hematologic malignancies. 34 CART19 (Kymriah, Novartis) and KTE-C19 (Yescartais, Kit Pharma) are newly the FDAapproved drugs, but both of them are used for the treatment of hematologic malignancies. In summary, the above indicators, especially the ratio and proportion of Naive T cells, Memory T cells and their subsets, may play an important role in the prediction and prognosis of CAR-T therapy for patients with malignant solid tumors.
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